Цитомиксис, его природа, значение и цитологические последствия by Кравец, Е.А.
75ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2012. ¹ 3
© Å.À. ÊÐÀÂÅÖ, 2012
УДК 577.344+581.162
Е.А. КРАВЕЦ
ГУ «Институт пищевой биотехнологии и геномики НАН Украины», Киев 
E-mail: kravetshelen@gmail.com
ЦИТОМИКСИС, ЕГО ПРИРОДА, 
ЗНАЧЕНИЕ И ЦИТОЛОГИЧЕСКИЕ 
ПОСЛЕДСТВИЯ
Öèòîìèêñèñ ÿâëÿåòñÿ øèðîêî ðàñïðîñòðàíåííûì 
åñòåñòâåííûì ïðîöåññîì ìåæêëåòî÷íîãî âçàèìîäåé-
ñòâèÿ, êîòîðûé ñâîéñòâåí âåãåòàòèâíûì è ãåíå-
ðàòèâíûì òêàíÿì êàê â íîðìå, òàê è ïðè ïàòî-
ëîãèè. Ïðîèñõîæäåíèå, çíà÷åíèå è ãåíåòè÷åñêèé êîí-
òðîëü öèòîìèêñèñà äî ñèõ îñòàþòñÿ íå âïîëíå 
ÿñíûìè. Øèðîêàÿ ðàñïðîñòðàíåííîñòü òî÷êè çðå-
íèÿ î ïàòîëîãè÷åñêîé ïðèðîäå öèòîìèêñèñà îñíî-
âàíà íà åãî ñâîéñòâåííîñòè ðàñòåíèÿì ñ âûðàæåí-
íîé ãåíåòè÷åñêîé íåñòàáèëüíîñòüþ è íàðóøåííûì 
ãîìåîñòàçîì. Â ãåíåòè÷åñêèé êîíòðîëü öèòîìèê-
ñèñà, ïî-âèäèìîìó, âîâëå÷åíû ìåéîòè÷åñêèå ãåíû, 
îòâåòñòâåííûå çà ñåãðåãàöèþ è îðãàíèçàöèþ õðî-
ìîñîì, äåéñòâèå êîòîðûõ ìîäèôèöèðóåòñÿ èíâàé-
ðîìåíòàëüíûìè ôàêòîðàìè ÷åðåç ñèñòåìó òðàíñ-
äóêöèè ñèãíàëîâ. Ïîëàãàþò, ÷òî ñ îäíîé ñòîðîíû, 
áëàãîäàðÿ öèòîìèêñèñó, äîñòèãàåòñÿ èíôîðìàöèîí-
íûé êîíòàêò è ñèíõðîíèçàöèÿ ìåéîçà è ãàìåòîãåíåçà, ñ 
äðóãîé – óâåëè÷èâàþòñÿ ãåíåòè÷åñêîå ðàçíîîáðàçèå 
è óðîâåíü ãåòåðîçèãîòíîñòè ìèêðîñïîðîöèòîâ. Àê-
òèâíîñòü öèòîìèêñèñà âàðüèðóåò â øèðîêèõ ïðå-
äåëàõ. Íàèáîëüøåå âëèÿíèå íà íåå îêàçûâàþò ìóòà-
ãåíåç, ãèáðèäèçàöèÿ, èíöóõòèðîâàíèå è ïîëèïëîèäèÿ. 
Â ýòîì êîíòåêñòå öèòîìèêñèñ ìîæåò âûïîëíÿòü 
è ôóíêöèþ êëåòî÷íîãî îòáîðà, êîòîðûé àêòèâè-
çèðóåòñÿ ïðè ïðåâûøåíèè ïîðîãîâîãî óðîâíÿ ïîâðåæ-
äåíèÿ (èëè ãåíåòè÷åñêîãî äèñáàëàíñà) ìèêðîñïîðî-
öèòîâ. 
Ââåäåíèå. Öèòîìèêñèñ ïðåäñòàâëÿåò ñîáîé 
øèðîêî ðàñïðîñòðàíåííîå – îò âîäîðîñëåé äî 
âûñøèõ ðàñòåíèé – öèòîëîãè÷åñêîå ÿâëåíèå, 
ïðîèñõîæäåíèå, çíà÷åíèå è ãåíåòè÷åñêèé êîí-
òðîëü êîòîðîãî äî ñèõ îñòàþòñÿ íå âïîëíå 
ÿñíûìè. Âïåðâûå öèòîìèêñèñ áûë îïèñàí 
Êåðíèêå [1, 2] â ìèêðîñïîðîöèòàõ ó Crocus 
vernus è ýïèäåðìàëüíûõ òêàíÿõ Allium nutans.
Íåñêîëüêî ïîçäíåå Äèãáè [3] ó Galto-
nia candicans è Ãåéòñ [4] ó Oenother agigas 
äåòàëüíî îõàðàêòåðèçîâàëè ýòî ÿâëåíèå êàê 
ïåðåìåùåíèå õðîìàòèíà ïî öèòîïëàçìàòè-
÷åñêèì êàíàëàì, ñîåäèíÿþùèì ìèêðîñïîðî-
öèòû. Â áîëüøèíñòâå ðàííèõ ðàáîò öèòîìèê-
ñèñ ðàññìàòðèâàëè êàê ïàòîëîãè÷åñêîå ÿâ-
ëåíèå [5–7], ò.å. àðòåôàêò ôèêñàöèè èëè 
òðàâìàòè÷åñêîãî âìåøàòåëüñòâà [1, 2, 8–11], 
ëèáî êàê ðåçóëüòàò âëèÿíèÿ íåáëàãîïðèÿòíûõ 
ôàêòîðîâ ñðåäû [12–14]. Óñòàíîâëåíî, ÷òî 
öèòîìèêñèñ (íàðÿäó ñî ñëèÿíèåì ìèêðî-
ñïîðîöèòîâ â ñèíöèòèè) ñâîéñòâåí ãèáðè-
äàì [15–17]. Îäíàêî åùå Ãåéòñ [4, 18], ñè-
ñòåìàòèçèðîâàâøèé ýòî ÿâëåíèå è ïðåäëî-
æèâøèé òåðìèí «öèòîìèêñèñ», ñ÷èòàë åãî 
ñïîíòàííûì íîðìàëüíûì êëåòî÷íûì ïðîöåñ-
ñîì. Äî íàñòîÿùåãî âðåìÿ ñðåäè èññëåäîâàòå-
ëåé òàê è íå ñóùåñòâóåò îäíîçíà÷íîãî ìíå-
íèÿ îòíîñèòåëüíî ïðèðîäû è çíà÷åíèÿ öèòî-
ìèêñèñà. Îäíè ðàññìàòðèâàþò åãî êàê íîð-
ìàëüíîå, íî íåðåãóëÿðíîå öèòîëîãè÷åñêîå ÿâ-
ëåíèå, ñîïðîâîæäàþùåå ìèêðîñïîðîãåíåç ó 
ìíîãèõ âèäîâ ïîêðûòîñåìåííûõ [4, 19–23], 
äðóãèå ñêëîíÿþòñÿ ê ìûñëè î åãî ïàòîëîãè-
÷åñêîé ïðèðîäå. Òðåòüè ñ÷èòàþò öèòîìèêñèñ 
åñòåñòâåííûì ïðîöåññîì ìåæêëåòî÷íîãî âçà-
èìîäåéñòâèÿ, ñâîéñòâåííûì ìíîãèì âåãåòà-
òèâíûì è ãåíåðàòèâíûì òêàíÿì ðàñòåíèé, â 
õîäå êîòîðîãî ïðîèñõîäèò äâèæåíèå è ïåðå-
ìåùåíèå ÿäåðíîãî ìàòåðèàëà, êëåòî÷íûõ îðãà-
íåëë, ñèãíàëüíûõ ìîëåêóë è òðîôè÷åñêèõ 
ôàêòîðîâ [24–32].
Ïðèðîäà öèòîìèêñèñà. Øèðîêàÿ ðàñïðî-
ñòðàíåííîñòü òî÷êè çðåíèÿ î ïàòîëîãè÷åñêîé 
ïðèðîäå öèòîìèêñèñà îñíîâàíà íà åãî ñâîé-
ñòâåííîñòè ðàñòåíèÿì ñ âûðàæåííîé ãåíåòè-
÷åñêîé íåñòàáèëüíîñòüþ è íàðóøåííûì ãî-
ìåîñòàçîì: ãàïëîèäàì, àíåóïëîèäàì, òðèïëîè-
äàì, ïîëèïëîèäàì, èíöóõòèðîâàííûì ëèíèÿì, 
ðåãåíåðàíòàì, ãèáðèäàì, ìóòàíòàì, àïîìèêòàì 
[33–48]. Ìíîãèå èññëåäîâàòåëè ñ÷èòàþò, ÷òî 
òåòðàïëîèäíûå îñîáè èëè áèîòèïû â ñðàâ-
íåíèè ñ äèïëîèäíûìè õàðàêòåðèçóþòñÿ ïî-
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âûøåííîé öèòîìèêòè÷åñêîé àêòèâíîñòüþ, 
ñâÿçàííîé ñ íåþ ïîíèæåííîé ôåðòèëüíîñòüþ 
ïûëüöû è íèçêîé ñåìåííîé ïðîäóêòèâíîñ-
òüþ [27, 33, 38, 39, 41, 44, 46–48 è äð.]. 
Ðåçóëüòàòû, ïîëó÷åííûå îò ñêðåùèâàíèÿ ìà-
òåðèíñêèõ ðàñòåíèé Medicago sativa L., 2n =
= 4x = 32 (òåòðàïëîèäû ñ öèòîìèêñèñîì) è 
êîíòðîëüíûõ ðàñòåíèé (òåòðàïëîèäû áåç öèòî-
ìèêñèñà), óêàçûâàëè, êàê ïîëàãàþò àâòîðû 
[27], íà îòñóòñòâèå ìàòåðèíñêîãî ýôôåêòà â 
íàñëåäîâàíèè öèòîìèêñèñà. Â ïîòîìñòâå îò 
ñêðåùèâàíèÿ öèòîìèêòè÷åñêèõ è êîíòðîëü-
íûõ ðàñòåíèé àêòèâíîñòü öèòîìèêñèñà ñíè-
æàëàñü (â ñðàâíåíèè ñ öèòîìèêòè÷åñêèìè 
ðîäèòåëÿìè) ïðèìåðíî âäâîå, ïàðàëëåëüíî ñ 
ýòèì ôåðòèëüíîñòü ïûëüöû çíà÷èòåëüíî ïî-
âûøàëàñü. Îäíàêî ïðÿìàÿ êîððåëÿöèÿ ìåæäó 
èçìåíåíèåì óðîâíÿ ïëîèäíîñòè è óâåëè÷å-
íèåì ÷àñòîòû öèòîìèêñèñà ïðîñëåæèâàåòñÿ 
äàëåêî íå âñåãäà [49, 50]. Ïîëàãàþò, ÷òî 
öèòîìèêñèñ ìîæåò ñâèäåòåëüñòâîâàòü îá îòäà-
ëåííîñòè è íåñîâìåñòèìîñòè ãåíîìîâ ãèáðè-
äîâ [34, 51], íàëè÷èè ìóòàöèé, â òîì ÷èñëå 
ñâÿçàííûõ ñ ìóæñêîé ñòåðèëüíîñòüþ [52]. 
Äåñòðóêòèâíîå íà÷àëî öèòîìèêñèñà, óñè-
ëèâàþò ñòðåññîâûå ôàêòîðû – ãèáðèäèçàöèÿ, 
èíöóõòèðîâàíèå, ôèçè÷åñêèå è õèìè÷åñêèå 
àãåíòû (íàïðèìåð êîëõèöèí), èîíèçèðóþùåå 
îáëó÷åíèå è ãåðáèöèäû [12, 27, 36, 37, 42, 
53–62]. Îáû÷íûå óñëîâèÿ ñðåäû, åå ñåçîí-
íûå êîëåáàíèÿ, êàê ïðàâèëî, íå îêàçûâàþò 
çíà÷èòåëüíîãî âëèÿíèÿ íà öèòîìèêñèñ, õîòÿ 
åñòü ñâåäåíèÿ è îáðàòíîãî õàðàêòåðà [13, 14, 
38, 44]. Â ïîñëåäíèå ãîäû íàêàïëèâàåòñÿ âñå 
áîëüøå äàííûõ, ðàññìàòðèâàþùèõ öèòî-
ìèêñèñ êàê ãåíåòè÷åñêè êîíòðîëèðóåìûé 
åñòåñòâåííûé ïðîöåññ ìåæêëåòî÷íîãî âçàèìî-
äåéñòâèÿ, íà êîòîðûé âëèÿþò ôèçèîëîãè÷å-
ñêèå è èíâàéðîìåíòàëüíûå ôàêòîðû [26–28, 
38, 44, 63, 64].
Âîçíèêíîâåíèå öèòîìèêñèñà íåêîòîðûå 
ó÷åíûå ñâÿçûâàþò ñ àáåððàöèÿìè íà ïðåä-
øåñòâóþùèõ ìåéîçó ìèòîçàõ, ÷òî ìîæåò ïðè-
âîäèòü ê íàðóøåíèþ ìåéîòè÷åñêîé ñåãðåãàöèè 
õðîìîñîì. Ïîýòîìó ãåíåòè÷åñêèé êîíòðîëü 
ðåãóëÿöèè öèòîìèêñèñà ìîæåò îñóùåñòâëÿ-
òüñÿ òåìè æå ãåíàìè, êîòîðûå îòâåòñòâåííû çà 
ñåãðåãàöèþ õðîìîñîì â ìåéîçå [38, 65, 66], 
íàïðèìåð DIF1 ó Arabidopsis thaliana [67]. 
Ñëåäîâàòåëüíî, ãåíåòè÷åñêèé êîíòðîëü öèòî-
ìèêñèñà, ïî-âèäèìîìó, îñóùåñòâëÿåòñÿ ÷åðåç 
ìåéîòè÷åñêèå ãåíû, äåéñòâèå êîòîðûõ ìîäè-
ôèöèðóåòñÿ èíâàéðîìåíòàëüíûìè ñòèìóëàìè 
÷åðåç ñèñòåìó òðàíñäóêöèè ñèãíàëîâ [38, 44, 
64]. Ìíîãèå èññëåäîâàòåëè ñ÷èòàþò, ÷òî öèòî-
ìèêñèñ âíîñèò îïðåäåëåííûé âêëàä â ôîðìî-
îáðàçîâàòåëüíûé ïðîöåññ è âëèÿåò íà ãåíå-
òè÷åñêîå ðàçíîîáðàçèå [39, 40, 64, 68–70, 82],
óâåëè÷èâàåò óðîâåíü ïëîèäíîñòè, ìèêñîïëîè-
äèè è ãåòåðîçèãîòíîñòè [44]. Áîëåå òîãî, îò-
íîñÿò åãî, íàðÿäó ñ ìóòàãåíåçîì, ãèáðèäèçàöèåé 
è ðåêîìáèíàöèåé, ê îñíîâíûì èñòî÷íèêàì 
èçìåí÷èâîñòè, ïîçâîëÿþùåé äîñòèãàòü âûñî-
êîãî óðîâíÿ ãåòåðîçèãîòíîñòè ÷åðåç ìóæñêóþ 
ðåïðîäóêöèþ [44]. 
Öèòîëîãè÷åñêàÿ êàðòèíà öèòîìèêñèñà è åãî 
àêòèâíîñòü. Öèòîëîãè÷åñêàÿ êàðòèíà öèòî-
ìèêñèñà ïîäðîáíî îïèñàíà ïðè ìèêðîñïîðî-
ãåíåçå è õàðàêòåðèçóåòñÿ íàðóøåíèÿìè ñòðóê-
òóðû, ñåãðåãàöèè è ïîâåäåíèÿ õðîìîñîì, ÷òî 
ïðîÿâëÿåòñÿ â ñëåäóþùèõ ïðèçíàêàõ: «ëèïêîñ-
òè» è «òåêó÷åñòè» õðîìàòèíà, ïîÿâëåíèè «áëóæ-
äàþùåãî», èëè òðàíçèòîðíîãî, õðîìàòèíà, êî-
òîðûé â âèäå òÿæåé, ôðàãìåíòîâ ÿäðà è 
õðîìîñîì, ìèêðîÿäåð «ïåðåòåêàåò» îò êëåòêè 
ê êëåòêå ïî öèòîìèêòè÷åñêèì ìåæêëåòî÷-
íûì êàíàëàì, íàðóøåíèè ôîðìèðîâàíèÿ áè-
âàëåíòîâ, ìåòàôàçíîé ïëàñòèíêè, öèòîêèíåçà 
è äð. [4, 10, 11, 18, 19–23, 33–48]. Íàèáîëü-
øàÿ öèòîìèêòè÷åñêàÿ àêòèâíîñòü õàðàêòåðíà 
äëÿ ïðîôàçû ïåðâîãî äåëåíèÿ ìåéîçà; íà ïî-
ñëåäóþùèõ ôàçàõ âòîðîãî äåëåíèÿ àêòèâíîñòü 
öèòîìèêñèñà, êàê ïðàâèëî, ñíèæàåòñÿ. 
Áèîõèìè÷åñêèå ïðè÷èíû ïîÿâëåíèÿ òàê 
íàçûâàåìîé «ëèïêîñòè» õðîìîñîì (ñhromoso-
me stickiness) îñòàþòñÿ íåâûÿñíåííûìè. Ãàóë-
äåí [71] ñ÷èòàë, íàïðèìåð, ÷òî âÿçêîñòü ìîæåò 
áûòü ñâÿçàíà ñ äåôåêòîì ôóíêöèîíèðîâà-
íèÿ îäíîãî èëè äâóõ òèïîâ ñïåöèôè÷åñêèõ 
íåãèñòîíîâûõ áåëêîâ (DNA topoisomerase II 
è ïåðèôåðè÷åñêèõ áåëêîâ), êîòîðûå íåîáõî-
äèìû äëÿ ñåãðåãàöèè õðîìàòèä. 
Èçìåíåíèÿ ôóíêöèîíèðîâàíèÿ ýòèõ áåë-
êîâ ìîãóò áûòü âûçâàíû ìóòàöèÿìè â ñòðóê-
òóðíûõ ãåíàõ èëè íåïîñðåäñòâåííûì âîçäåé-
ñòâèåì ìóòàãåíîâ íà ýòè áåëêè. Ñòåïåíü ïîâ-
ðåæäåíèÿ áåëêîâ ìîæåò âàðüèðîâàòü â çàâè-
ñèìîñòè îò ÷èñëà ïîâðåæäåííûõ ñàéòîâ íà 
õðîìîñîìå. Ëèïêîñòü õðîìîñîì ÿâëÿåòñÿ ïðè-
÷èíîé ôîðìèðîâàíèÿ õðîìîñîìíûõ àáåððà-
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Öèòîìèêñèñ, åãî ïðèðîäà, çíà÷åíèå è öèòîëîãè÷åñêèå ïîñëåäñòâèÿ
öèé âñëåäñòâèå ôèçè÷åñêîãî ðàñòÿæåíèÿ è 
ðàçðûâîâ õðîìàòèä ïðè ðàñõîæäåíèè â àíà-
ôàçå.
Ïî èíòåíñèâíîñòè öèòîìèêñèñ èíîãäà ïîä-
ðàçäåëÿþò íà ñëàáûé (ëîêàëüíûé), èíòåíñèâ-
íûé è äåñòðóêòèâíûé [37]. Âåðîÿòíî, ñëà-
áûé öèòîìèêñèñ ÿâëÿåòñÿ ôèçèîëîãè÷åñêîé 
íîðìîé äëÿ ìíîãèõ ãåíîòèïîâ ðàñòåíèé. Â 
ñëó÷àå ëîêàëüíîãî öèòîìèêñèñà â ïðîôàçå 
ïåðâîãî äåëåíèÿ ìåéîçà ÷àñòü ìèêðîñïîðî-
öèòîâ ñîåäèíÿþòñÿ â ãðóïïû ïî 3–5 êëåòîê 
ìåæêëåòî÷íûìè êàíàëàìè, ÷åðåç êîòîðûå 
èíîãäà ïðîõîäÿò è îòäåëüíûå ïåòëè õðîìà-
òèíà. Òàêèå êîíòàêòû íå âëåêóò çà ñîáîé 
äåñòðóêòèâíûõ ÿâëåíèé è íå èìåþò íåãàòèâ-
íûõ ïîñëåäñòâèé äëÿ õîäà ìåéîçà. Íàïðîòèâ, 
êëåòêè, íå îõâà÷åííûå ñåòüþ êîíòàêòîâ, êàê 
ïðàâèëî, «âûïàäàþò èç ïðîãðàììû» ðàçâèòèÿ, 
çàäåðæèâàþòñÿ â ïîçäíåé ïðîôàçå–ìåòàôàçå 
ïåðâîãî äåëåíèÿ ìåéîçà è îáðàçóþò ñèíöèòèè 
èëè ïîäâåðãàþòñÿ ïðîëèôåðàòèâíîé ãèáåëè 
[56–62]. Ïðèìå÷àòåëüíîé ÷åðòîé öèòîìèêñèñà 
ÿâëÿåòñÿ åãî íåðåãóëÿðíîñòü – îí íèêîã-
äà íå ïðîèñõîäèò îäíîâðåìåííî âî âñåõ ìè-
êðîñïîðîöèòàõ [24–27, 42]. Ïðè âîçäåéñòâèè 
ñòðåññîâûõ ôàêòîðîâ (êàê âíóòðåííèõ, òàê è
âíåøíèõ) ëîêàëüíûé öèòîìèêñèñ òðàíñôîð-
ìèðóåòñÿ â èíòåíñèâíûé èëè äåñòðóêòèâíûé 
ïðîöåññ, êîòîðûé õàðàêòåðèçóåòñÿ ìíîæåñò-
âåííûìè íàðóøåíèÿìè â ïðîõîæäåíèè ìåéîçà 
è ïîÿâëåíèåì áîëüøîãî êîëè÷åñòâà àããëþ-
òèíèðîâàííîãî õðîìàòèíà, çàïîëíÿþùåãî ïî-
ëîñòü ïûëüíèêîâ.
Ïåðåìåùåíèå õðîìàòèíà ïî êëåòêàì (nu-
clear transfer) ïðèâîäèò ê ïîÿâëåíèþ «ñâåðõ-
êîìïëåêñíîãî» õðîìàòèíà è, ñîîòâåòñòâåííî, 
íåäîêîìïëåêòàöèè ÿäåð êëåòîê. Ïîëàãàþò, 
÷òî ìèãðèðóþùèé õðîìàòèí îñòàåòñÿ â öèòî-
ïëàçìå è íå âêëþ÷àåòñÿ â ñîñòàâ ÿäðà êëåòêè-
«ðåöèïèåíòà», ïîñêîëüêó ñèëüíî ïîâðåæäà-
åòñÿ [10, 11, 27, 35, 72, 73]. «×óæîé» õðîìà-
òèí îáû÷íî îòòîðãàåòñÿ êëåòêîé-ðåöèïèåíòîì 
ïóòåì çàëîæåíèÿ êëåòî÷íûõ ïåðåãîðîäîê ñ 
îáðàçîâàíèåì ìåëêèõ êëåòîê. Ó ëèëèè, íà-
ïðèìåð, â ïåðèîä íàèáîëüøåé «òðàíçèòîðíîé» 
àêòèâíîñòè õðîìàòèíà (çèãîòåíå–ïàõèòåíå 
ïðîôàçû ìåéîçà) ïðè ïîëíîñòüþ îòêðûòûõ 
ìåæêëåòî÷íûõ êàíàëàõ ÿäåðíàÿ ìåìáðàíà îñ-
òàâàëàñü èíòàêòíîé, à ìèêðîñïîðîöèòû êàê 
äî, òàê è ïîñëå «ÿäåðíûõ ìèãðàöèé» ñîõðà-
íÿëè íîðìàëüíîå äèïëîèäíîå ÷èñëî õðîìî-
ñîì [26]. Îäíàêî íå èñêëþ÷àåòñÿ âîçìîæ-
íîñòü âõîæäåíèÿ «òðàíçèòîðíîãî» õðîìàòèíà 
â ñîñòàâ ÿäðà êëåòêè-ðåöèïèåíòà, ÷òî ìîæåò 
ïðèâîäèòü ê âîçíèêíîâåíèþ àíåó- è ïîëè-
ïëîèäíûõ ìèêðîñïîðîöèòîâ èëè ìèêðîñïîð 
[13, 34, 40, 44, 64, 69–70, 76, 77]. 
Öèòîìèêñèñ, êàê îòìå÷àëîñü, âñòðå÷àåòñÿ 
è â äðóãèõ òêàíÿõ – êîðíåâûõ è ñòåá-
ëåâûõ àïåêñàõ, çàðîäûøå, ýíäîñïåðìå, ýïè-
äåðìèñå, òêàíÿõ ñòåíêè ïûëüíèêà è çàâÿçè, 
à òàêæå â êóëüòóðå òêàíåé in vitro [2, 30–32, 
74, 75, 78–80]. Ïî íàáëþäåíèÿì íà æèâîì
ìàòåðèàëå òðàíñãåííîé ôåðòèëüíîé ëèíèè òà-
áàêà, ýêñïðåññèðóþùåé ãèñòîí 2Â-ÑFP, õðî-
ìàòèí èëè ÿäðà êëåòîê èíòàêòíûõ âåãåòàòèâ-
íûõ òêàíåé è ôëîðàëüíûõ îðãàíîâ îáðàçóþò 
«ïðîòóáåðàíöû», êîòîðûå íàõîäÿòñÿ â ñîñ-
òîÿíèè ïîñòîÿííîãî àêòèâíîãî äâèæåíèÿ 
(ðèñ. 1) [32]. Õðîìàòèí â ïðîöåññå àêòèâíî-
ãî ìåæêëåòî÷íîãî ïåðåìåùåíèÿ ïî ìåæêëå-
òî÷íûì êàíàëàì ïðèíèìàåò ñëîæíûå äèíà-
ìè÷íûå ôîðìû, íèêàê íå ñâÿçàííûå íè ñ 
òðàâìàòè÷åñêèì âìåøàòåëüñòâîì, íè ñ ôèê-
ñàöèåé èëè äðóãèìè íåãàòèâíûìè âîçäåé-
ñòâèÿìè. Â âåãåòàòèâíûõ òêàíÿõ â îòëè÷èå îò 
ìèêðîñïîðîöèòîâ öèòîìèêñèñ õàðàêòåðèçó-
åòñÿ àñèíõðîííîñòüþ [26, 32].
Âðåìåííàÿ ïðîòÿæåííîñòü è ñòåïåíü àêòèâ-
íîñòè öèòîìèêñèñà çíà÷èòåëüíî âàðüèðóþò. 
Õîòÿ íàèáîëüøàÿ öèòîìèêòè÷åñêàÿ àêòèâíîñòü
íàáëþäàåòñÿ â ðàííåé ïðîôàçå ìåéîçà – ëåï-
òîòåíå–çèãîòåíå, íåðåäêî öèòîìèêñèñ ïðî-
äîëæàåòñÿ â òå÷åíèå âñåé ïðîôàçû, íî ìå-
íåå èíòåíñèâíî [35, 45–48, 81, 82]. Èíîãäà
öèòîìèêñèñîì îõâàòûâàþòñÿ àðõåñïîðèàëü-
íûå è ñïîðîãåííûå êëåòêè [56–58]. Ñòåïåíü 
àêòèâíîñòè ìîæåò áûòü íèçêîé, êàê íàïðè-
ìåð ó Brassica campestris è B. napa – 0,06–2,55 %
[50], âûñîêîé, êàê ó Vigna glaberscencå –40,4 % 
[82], è î÷åíü âûñîêîé, êàê ó Prunus amygda-
lus – äî 97 % [83]. Ïðè ýòîì ÷àñòîòà öèòî-
ìèêñèñà ìîæåò ìåíÿòüñÿ íå òîëüêî â ïðåäåëàõ 
âèäà è ïîïóëÿöèè, íî è èíäèâèäóóìà, öâåòêà 
èëè äàæå îäíîãî è òîãî æå ïûëüíèêà [24–26, 
34, 45, 51, 81, 82], ÷òî ñâÿçûâàþò ñ îñîáåííî-
ñòÿìè ôóíêöèîíèðîâàíèÿ ãåíîâ, êîíòðîëè-
ðóþùèõ ýòîò ïðèçíàê [82–84].
Ñòðóêòóðíûå è ôèçèîëîãè÷åñêèå ïðè÷èíû 
öèòîìèêñèñà. Â ñòðóêòóðíîì è ôèçèîëîãè-
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÷åñêîì àñïåêòàõ ïåðâîïðè÷èíîé öèòîìèêñè-
ñà â ìèêðîñïîðîöèòàõ ÿâëÿåòñÿ íåïîëíîå 
ôîðìèðîâàíèå êëåòî÷íûõ ïåðåãîðîäîê è îáðà-
çîâàíèå öèòîïëàçìàòè÷åñêèõ êàíàëîâ ìåæäó 
êëåòêàìè [24, 25, 28, 29, 72, 85–87]. Â áîëåå 
ðàííèõ ðàáîòàõ ïðåäïîëîæèëè, ÷òî èç-çà 
«íåäîñòðîåííîñòè» êëåòî÷íîé ñòåíêè ñî-
äåðæèìîå ìèêðîñïîðîöèòîâ îêàçûâàåòñÿ 
óÿçâèìûì äëÿ âîçäåéñòâèÿ ãèäðîëèòè÷åñêèõ 
ôåðìåíòîâ, à ýòî ïðèâîäèò ê äåñòðóêòèâíûì 
ÿâëåíèÿì [24, 25, 85, 86]. ×èñëî è øèðèíà 
öèòîïëàçìàòè÷åñêèõ êàíàëîâ âàðüèðóåò ó ðàç-
íûõ âèäîâ. Øèðèíà öèòîìèêòè÷åñêèõ êàíà-
ëîâ ìîæåò ñîñòàâëÿòü îò 250 íì äî 10 ìêì 
(íî ÷àùå 0,1–2 ìêì) [24, 25, 28, 29, 87], ÷òî 
ïîçâîëÿåò ïåðåìåùàòüñÿ ïî íèì íå òîëüêî
êðóïíûì ìîëåêóëàì, ïåòëÿì õðîìàòèíà è
õðîìîñîìàì, íî è ÿäðàì (ðèñ. 2) [32]. Ïðåä-
ïîëàãàåòñÿ, ÷òî ôîðìèðîâàíèå öèòîìèêòè÷åñ-
êèõ êàíàëîâ ìîæåò ïðîèñõîäèòü äâóìÿ ñïî-
ñîáàìè: íà îñíîâå ïðåîáðàçîâàíèÿ ïëàçìîäåñì 
è de novo ïðè ó÷àñòèè ôåðìåíòîâ, ëîêàëüíî 
ðàñòâîðÿþùèõ êàëëîçíûé ñëîé [28, 29, 87]. 
Åñëè ó ðàñòåíèé öèòîìèêòè÷åñêèå êàíàëû â 
îòëè÷èå îò ïëàçìîäåñì ëèøåíû êàêèõ-ëèáî
ñïåöèàëèçèðîâàííûõ ñòðóêòóð è çàïîëíåíû 
öèòîïëàçìîé, òî ó æèâîòíûõ öèòîìèêòè-
÷åñêèå ìîñòû ñíàáæåíû öèòîñêåëåòíûìè 
ñòðóêòóðàìè, êîíòðîëèðóþùèìè ñåëåêòèâíîå 
ïåðåäâèæåíèå ðàçëè÷íûõ âåùåñòâ [88–90]. 
Íàèáîëüøàÿ öèòîìèêòè÷åñêàÿ àêòèâíîñòü íà-
áëþäàåòñÿ â ëåïòîòåíå–çèãîòåíå, çàòåì öèòî-
ìèêòè÷åñêèå êàíàëû îáû÷íî çàêóïîðèâàþò-
ñÿ êàëëîçíûìè ïðîáêàìè, õîòÿ ìîãóò îáðàçî-
âûâàòüñÿ è çàíîâî [29, 45, 87]. Êîëè÷åñòâî 
êàíàëîâ ìåæäó ìåéîöèòàìè ìîæåò êîëåáàòüñÿ 
îò îäíîãî äî íåñêîëüêèõ. 
Ðîëü öèòîìèêñèñà â ðåïðîäóêòèâíîé ñôåðå. 
Óñòàíîâëåíî, ÷òî ïî öèòîìèêòè÷åñêèì êàíà-
ëàì, êðîìå õðîìàòèíà, ìîãóò ïåðåìåùàòüñÿ îð-
ãàíåëëû, òðîôè÷åñêèå ôàêòîðû, ñèãíàëüíûå 
ìîëåêóëû, â ÷àñòíîñòè, ôàêòîðû ðåãóëÿöèè 
êëåòî÷íîãî öèêëà è õðîìîñîìíîé ñåãðåãà-
öèè â ìåéîçå [24, 25, 28, 29, 86, 87, 91]. ×åðåç 
öèòîìèêñèñ äîñòèãàåòñÿ îäíîðîäíîñòü êëå-
òî÷íîé ïîïóëÿöèè ìèêðîñïîðîöèòîâ, ñèíõðî-
íèçèðóåòñÿ ìåéîç, à òàêæå ïðîèñõîäèò âûðàâ-
íèâàíèå êà÷åñòâåííîãî ñîñòîÿíèÿ ïûëüöåâûõ 
çåðåí, íåîáõîäèìîå äëÿ áûñòðîãî è óñïåøíîãî 
îïûëåíèÿ [24–26, 28, 91]. Ñèíõðîííîå ñî-
Ðèñ. 1. Öèòîìèêñèñ â æèâûõ êëåòêàõ ýíäîòåëèÿ 
èíòàêòíûõ ïûëüíèêîâ òðàíñãåííîãî òàáàêà H2B-
CFP. Ìîíòàæ ôîòî (A–P) èëëþñòðèðóåò 16 èçî-
áðàæåíèé, ñíÿòûõ ñ ñåêóíäíûìè èíòåðâàëàìè. 
Ñòðåëêàìè óêàçàíû õðîìàòèíîâûå òåëà, êîòîðûå 
ïåðåõîäÿò èç îäíîé êëåòêè (íèæíÿÿ ÷àñòü ôîòî 
A–L) â ñîñåäíèå (âåðõíÿÿ ÷àñòü ôîòî A–L è íèæ-
íÿÿ ÷àñòü ôîòî M–P). Öèòîïëàçìàòè÷åñêèå êà-
íàëû îáîçíà÷åíû ñòðåëêàìè. Ôîòî èç ðàáîòû Liu 
et al. [32]
Ðèñ. 2. Ýëåêòðîííî-ìèêðîñêîïè÷åñêàÿ ôîòîãðàôèÿ,
äåìîíñòðèðóþùàÿ öèòîìèêñèñ ìåæäó ìèêðîñïîðî-
öèòàìè ó äèêîãî òèïà òàáàêà. Ôîòî èç ðàáîòû Liu 
et al. [32]
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Öèòîìèêñèñ, åãî ïðèðîäà, çíà÷åíèå è öèòîëîãè÷åñêèå ïîñëåäñòâèÿ
öèòèàëüíî ñâÿçàííûõ ãðóïïàõ êëåòîê îïðå-
äåëÿåò, êàê ïîëàãàþò, íàïðàâëåííóþ äèôôå-
ðåíöèðîâêó ãàìåò. Ìåæêëåòî÷íûå ìîñòû ñíàá-
æåíû öèòîñêåëåòíûìè ñòðóêòóðàìè, ìîëåêó-
ëÿðíûå ìåõàíèçìû êîòîðûõ îáåñïå÷èâàþò êîí-
òðîëü ñåëåêòèâíîãî òðàíñïîðòà ðàçëè÷íûõ ôàê-
òîðîâ, ðåãóëèðóþùèõ ðîñò è ðàçâèòèå [88–90]. 
Íàáëþäåíèÿ in vivo ïîêàçàëè, ÷òî äâèæåíèå 
ýòèõ îðãàíåëë ìåæäó ñîñåäíèìè ñïåðìàòèäà-
ìè ïðîèñõîäèò ïî òèïó «âçàä – âïåðåä» ÷åðåç 
ìåæêëåòî÷íûå ìîñòû ïîñðåäñòâîì ñèñòåìû 
ìèêðîòðóáî÷åê [88]. Ó ïîêðûòîñåìåííûõ ðàñ-
òåíèé ñïåðìèè è âåãåòàòèâíîå ÿäðî â ïûëü-
öåâîì çåðíå è ïûëüöåâîé òðóáêå òàêæå îáðà-
çóþò àññîöèàöèþ (male germ units), â êîòî-
ðîé îñòàþòñÿ ñâÿçàííûìè ìåæäó ñîáîé ìåæ-
êëåòî÷íûìè êàíàëàìè [100–102]. Öèòîìèê-
ñèñ ñîïðîâîæäàåò íå òîëüêî èçáèðàòåëüíóþ 
äèôôåðåíöèàöèþ êëåòîê ïîëîâûõ ïóòåé, íî 
è ýëèìèíàöèþ èçáûòî÷íûõ è íåâîñòðåáîâàí-
íûõ ïîëîâûõ êëåòîê. Äåéñòâèòåëüíî, ó âèäîâ 
ñ êðóïíûìè ïûëüíèêàìè è ìíîãî÷èñëåííû-
ìè ìèêðîñïîðîöèòàìè öèòîìèêñèñ âûðàæåí 
ñèëüíåå, ÷åì ó âèäîâ ñ ìåëêèìè ïûëüíèêàìè 
è ìàëî÷èñëåííûìè ïîïóëÿöèÿìè ìèêðîñïî-
ðîöèòîâ [103].
Öèòîëîãè÷åñêèå ïîñëåäñòâèÿ öèòîìèêñèñà. 
Íåò åäèíîãî ìíåíèÿ è î ïîñëåäñòâèÿõ öèòî-
ìèêñèñà. Áîëüøîå êîëè÷åñòâî äàííûõ óêàçû-
âàþò íà òî, ÷òî öèòîìèêñèñ óñëîæíÿåò êàðòè-
íó ìåéîçà è ìîæåò ïðèâîäèòü ê ñåðüåçíûì 
ãåíåòè÷åñêèì ïîñëåäñòâèÿì: ãåíåòè÷åñêîìó 
äèñáàëàíñó ìèêðîñïîðîöèòîâ, îáðàçîâàíèþ 
ñèíöèòèåâ, öèòîïëàñòîâ, ïîëèàä, àíåóïëîèäèè 
è ïîëèïëîèäèè ìèêðîñïîð, ïîëèìîðôèçìó, 
ïîëèïëîèäèè è ïîëóñòåðèëüíîñòè ïûëüöåâûõ 
çåðåí [12, 35, 36, 39, 41, 44, 46–48, 63, 64, 
82]. Îòìå÷åíà ïîçèòèâíàÿ êîððåëÿöèÿ ìåæäó 
àêòèâíîñòüþ öèòîìèêñèñà è ÷èñëîì àíåó-
ïëîèäíûõ ìèêðîñïîðîöèòîâ [70]. Îäíàêî âî-
ïðîñ îá îòíîøåíèè öèòîìèêñèñà ê àíåó- è 
ïîëèïëîèäèè îñòàåòñÿ äèñêóññèîííûì, ïî-
ñêîëüêó ïðîöåíò ïîÿâëåíèÿ ìèêðîñïîðîöè-
òîâ ñ óâåëè÷åííûì â ðåçóëüòàòå öèòîìèêñèñà 
íàáîðîì õðîìîñîì åäâà ëè ìîæíî ñ÷èòàòü 
çíà÷èòåëüíûì. Äëÿ âîçíèêíîâåíèÿ ôóíêöèî-
íèðóþùèõ àíåóïëîèäíûõ è, åùå ìåíåå âåðî-
ÿòíåé, ïîëèïëîèäíûõ ìèêðîñïîðîöèòîâ íåîá-
õîäèìî ñîáëþäåíèå ðÿäà âàæíûõ óñëîâèé, à
èìåííî: õðîìîñîìû äîëæíû áûòü íåïîâðåæ-
çðåâàíèå ïûëüöåâûõ çåðåí îñîáåííî àêòóàëü-
íî ó âèäîâ ñ óçêèì «îêíîì» îïûëåíèÿ è îïëî-
äîòâîðåíèÿ, ê êîòîðûì ïðåæäå âñåãî è îòíî-
ñÿòñÿ ñàìîîïûëèòåëè [91]. Ïîñêîëüêó ñòîõàñ-
òèêà ðàçâèòèÿ ìóæñêèõ ãàìåò ñòðåìèòñÿ ê ãå-
òåðîçèãîòíîñòè (â îòíîøåíèè òðàíñêðèïöèè,
óðîâíÿ ìÐÍÊ è áåëêîâ), îäíà èç ôóíêöèé 
öèòîìèêñèñà ìîæåò áûòü ñâÿçàíà ñ ýëèìèíà-
öèåé òàêîé ãåòåðîãåííîñòè, ñíèæàþùåé êà÷å-
ñòâî è ñèíõðîííîñòü ðàçâèòèÿ ìóæñêèõ ãàìåò 
[28]. Îäíàêî òàêîé âçãëÿä íà ðîëü öèòîìèê-
ñèñà íàõîäèòñÿ â ïðîòèâîðå÷èè ñ åãî ôîðìî-
îáðàçóþùåé ôóíêöèåé, óâåëè÷èâàþùåé ñòå-
ïåíü ãåòåðîçèãîòíîñòè è ìèêñîïëîèäèè ìèêðî-
ñïîðîöèòîâ. 
Îäíèì èç ôèçèîëîãè÷åñêèõ àñïåêòîâ öèòî-
ìèêñèñà ÿâëÿåòñÿ ñóùåñòâîâàíèå öèòîïëàçìà-
òè÷åñêîãî ãðàäèåíòà è íàïðàâëåííîãî äâèæå-
íèÿ õðîìàòèíà ÿäåð, îðãàíåëë è ïèòàòåëüíûõ 
âåùåñòâ âíóòðè ìèêðîñïîðàíãèÿ. Ýòî ïðîÿâ-
ëÿåòñÿ â îáðàçîâàíèè «öåïî÷åê» ñîåäèíåí-
íûõ ìèêðîñïîðîöèòîâ, îäíîñòîðîííåì ïîòîêå 
«òðàíçèòîðíîãî» õðîìàòèíà [87, 92–94], ñâîå-
îáðàçíîé îäíîòèïíîé àñèììåòðèè ÿäåð ñïîðî-
ãåííûõ êëåòîê â ïðåäìåéîòè÷åñêîé èíòåðôà-
çå è ìèêðîñïîðîöèòîâ [56–58], íàïðàâëåí-
íîì ïîòîêå õðîìàòèíà â ìåðèñòåìå êîðíåâûõ 
àïåêñîâ. Î÷åâèäíî, â õîäå öèòîìèêñèñà ïðî-
èñõîäèò íàïðàâëåííîå èëè îäíîñòîðîííåå 
ïåðåìåùåíèå îðãàíåëë è ïèòàòåëüíûõ âå-
ùåñòâ îò ôóíêöèîíàëüíî íåñîñòîÿòåëüíûõ ê 
àêòèâíî ôóíêöèîíèðóþùèì ìèêðîñïîðîöè-
òàì [95]. Â ýòîé ñâÿçè äåñòðóêòèâíûé öèòî-
ìèêñèñ ðàññìàòðèâàåòñÿ íåêîòîðûìè èññëå-
äîâàòåëÿìè êàê ñïîñîá óñòðàíåíèÿ íåæèçíå-
ñïîñîáíîé êëåòî÷íîé ñèñòåìû [37].
Ñõîäíûå ñ öèòîìèêñèñîì ÿâëåíèÿ íàáëþ-
äàþòñÿ òàêæå ïðè ñïåðìàòîãåíåçå è îâîãåíåçå 
ó íèçøèõ ðàñòåíèé è æèâîòíûõ. Ó íèçøèõ 
ðàñòåíèé öèòîïëàçìàòè÷åñêèå êàíàëû ñîõðà-
íÿþòñÿ â òå÷åíèå âñåãî ñïåðìàòîãåíåçà äî 
ïîçäíèõ ýòàïîâ äèôôåðåíöèàöèè ñïåðìàòî-
çîèäîâ [92, 96]. Ó æèâîòíûõ ìåæêëåòî÷íûå 
ìîñòû (òàê íàçûâàåìûå «intercellular bridges», 
èëè «ring canals») îáðàçóþòñÿ â õîäå ïåðâîãî 
ìèòîòè÷åñêîãî äåëåíèÿ ñïåðìàòîãîíèåâ è ñîõ-
ðàíÿþòñÿ íà ïðîòÿæåíèè íåñêîëüêèõ ïðåä-
ìåéîòè÷åñêèõ ìèòîçîâ, ìåéîçà è âïëîòü äî 
ïîñëåäíèõ ñòàäèé ñïåðìèîãåíåçà [88, 97–99]. 
×èñëî öèòîïëàçìàòè÷åñêèõ êàíàëîâ â ñèí-
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äåííûìè, ñèíõðîíèçèðîâàííûìè è âêëþ÷åí-
íûìè â ñîñòàâ ÿäðà è ìåéîòè÷åñêèé àïïàðàò 
êëåòêè-ðåöèïèåíòà [42]. Òåì íå ìåíåå â ïîñ-
ëåäíèå ãîäû îïóáëèêîâàíî çàìåòíîå êîëè-
÷åñòâî ðàáîò, ñâèäåòåëüñòâóþùèõ â ïîëüçó âå-
ðîÿòíîãî ó÷àñòèÿ öèòîìèêñèñà â âîçíèêíîâå-
íèè ïîëèïëîèäíûõ ãàìåò [39, 41, 44, 46–48, 
63, 64, 82 è äð.].
Íåò îäíîçíà÷íîãî ìíåíèÿ è î âëèÿíèè 
öèòîìèêñèñà íà æèçíåñïîñîáíîñòü ïûëüöå-
âûõ çåðåí. Çàâèñèìîñòü ìåæäó öèòîìèêñèñîì 
è æèçíåñïîñîáíîñòüþ ïûëüöû ìîæåò íîñèòü 
êàê íåãàòèâíûé [82, 104], òàê è ïîçèòèâíûé 
õàðàêòåð [63, 64] èëè, ÷àùå, ñëàáîïîçèòèâíûé 
[27, 46, 48], ÷òî ïðåäïîëàãàåò âëèÿíèå äðóãî-
ãî, êðîìå öèòîìèêñèñà, ôàêòîðà íà æèçíåñïî-
ñîáíîñòü ïûëüöû. Òàêèì ôàêòîðîì â îáùåì 
ñëó÷àå ÿâëÿåòñÿ, ïî-âèäèìîìó, ãåíîìíàÿ íå-
ñòàáèëüíîñòü ìóòàíòîâ, ãèáðèäîâ è ïîëèïëîè-
äîâ. Â êà÷åñòâå ìóòàãåííîãî ôàêòîðà ìîæåò 
âûñòóïàòü ðàäèàöèîííîå âîçäåéñòâèå, àêòèâè-
çèðóþùåå öèòîìèêñèñ [56–62]. Ïðè èññëå-
äîâàíèè ìèêðîñïîðîãåíåçà â ïîòîìñòâå ìÿã-
êîé ïøåíèöû, ïîäâåðãøåéñÿ âîçäåéñòâèþ 
îñòðîãî è õðîíè÷åñêîãî îáëó÷åíèÿ â çîíå ×åð-
íîáûëüñêîé ÀÝÑ, èíòåíñèâíûé öèòîìèêñèñ 
(çàõâàòûâàþùèé àðõåñïîðèàëüíóþ òêàíü è 
ìèêðîñïîðîöèòû) îáû÷íî íàáëþäàëñÿ â òåõ 
ëèíèÿõ, ãäå ÷èñëî íàðóøåíèé â ïîñëåäóþùåì 
õîäå ìåéîçà è ìèêðîãàìåòîãåíåçå áûëî ìåíü-
øèì, è íàîáîðîò, ó ëèíèé ñ áîëüøèì êîëè-
÷åñòâîì öèòîïàòîëîãèé àêòèâíîñòü öèòîìèê-
ñèñà áûëà íèæå [56–58]. Äàëüíåéøèå èññëå-
äîâàíèÿ öèòîìèêñèñà ó ðæè è ÿ÷ìåíÿ ïðè 
èñïîëüçîâàíèè îñòðîãî è õðîíè÷åñêîãî îáëó-
÷åíèÿ â öåëîì ïîäòâåðäèëè ýòó çàâèñèìîñòü 
[60–62]. Äåéñòâèòåëüíî, ñ àêòèâàöèåé öèòî-
ìèêñèñà îáû÷íî ðàñòåò è êîëè÷åñòâî íàðó-
øåíèé â ìåéîçå, îäíàêî ê çàâåðøåíèþ ìèêðî-
ñïîðîãåíåçà è â õîäå ãàìåòîãåíåçà òåíäåí-
öèÿ èçìåíÿåòñÿ – êîëè÷åñòâî ïàòîëîãèé, êàê 
ïðàâèëî, ñíèæàåòñÿ è ôåðòèëüíîñòü ïûëüöû 
ñîõðàíÿåòñÿ îòíîñèòåëüíî âûñîêîé. Ïðè âîç-
äåéñòâèè îñòðîãî îáëó÷åíèÿ ìåæäó àêòèâ-
íîñòüþ öèòîìèêñèñà, à òàêæå ñòåðèëüíîñòüþ 
ìèêðîñïîð (ïðè ãàììà-îáëó÷åíèè) è ïûëü-
öåâûõ çåðåí (ïðè ÓÔ-îáëó÷åíèè) íàáëþäà-
ëàñü íåâûñîêàÿ îòðèöàòåëüíàÿ êîððåëÿöèÿ,
÷òî ìîæåò óêàçûâàòü íà ôóíêöèþ öèòîìèê-
ñèñà êàê êëåòî÷íîãî îòáîðà, êîòîðûé àêòèâè-
çèðóåòñÿ ïðè ïðåâûøåíèè ïîðîãîâîãî óðîâ-
íÿ ïîâðåæäåíèÿ ìèêðîñïîðîöèòîâ. Ñëåäîâà-
òåëüíî, áëàãîäàðÿ àêòèâàöèè öèòîìèêñèñà ïî-
ïóëÿöèÿ ìèêðîñïîðîöèòîâ ìîæåò èçáàâëÿ-
òüñÿ îò èçáûòî÷íîãî ìóòàöèîííîãî ãðóçà [62, 
105]. Â ïîëüçó ýòîãî ïðåäïîëîæåíèÿ êîñâåííî 
ñâèäåòåëüñòâóåò íåðåãóëÿðíîñòü öèòîìèêñèñà.
×åðåç öèòîìèêñèñ ìîæåò ðåãóëèðîâàòüñÿ ÷èñ-
ëåííîñòü ôóíêöèîíèðóþùèõ ìèêðîñïîðîöè-
òîâ è óñòðàíÿòüñÿ èõ èçáûòî÷íîñòü, ÷òî 
ïîäòâåðæäàåòñÿ ïðåèìóùåñòâåííîé ïðèóðî-
÷åííîñòüþ öèòîìèêñèñà ê âèäàì ñ êðóïíû-
ìè ïûëüíèêàìè è ìíîãî÷èñëåííûìè ìèêðî-
ñïîðîöèòàìè [91]. Ê ýòîìó ïîíèìàíèþ ðîëè 
öèòîìèêñèñà áëèçêà òî÷êà çðåíèÿ íà öèòî-
ìèêñèñ êàê íà ñïîñîá âûæèâàíèÿ îäíîé ÷àñ-
òè ïîïóëÿöèè êëåòîê çà ñ÷åò ãèáåëè äðóãîé 
[37, 95], à òàêæå êàê íà âîçìîæíûé ñïîñîá óñ-
òðàíåíèÿ íåæèçíåñïîñîáíîé êëåòî÷íîé ñèñ-
òåìû. Àêòèâíîñòü öèòîìèêñèñà, êàê ýòî íè 
ïàðàäîêñàëüíî, â êîíå÷íîì ñ÷åòå ìîæåò ðåãó-
ëèðîâàòü íå òîëüêî ïðîäóêòèâíîñòü, íî è 
æèçíåñïîñîáíîñòü ïûëüöåâûõ çåðåí. Êëåòî÷-
íûé îòáîð â õîäå öèòîìèêñèñà â ïîïóëÿöèÿõ 
ìèêðîñïîðîöèòîâ, âîçìîæíî, îñóùåñòâëÿåòñÿ 
÷åðåç òàê íàçûâàåìûé àâòîíîìíûé àïîïòîç, 
êîòîðûé â îòëè÷èå îò ìîðôîãåíåòè÷åñêîãî 
àïîïòîçà íå çàïóñêàåòñÿ «ñâåðõó» (ò.å. íå ïðî-
ãðàììèðóåòñÿ), à èíèöèèðóåòñÿ ñàìîé êëåòî÷-
íîé ïîïóëÿöèåé ìèêðîñïîðîöèòîâ [62, 106].
Çàêëþ÷åíèå. Öèòîìèêñèñ ìîæíî îõàðàêòå-
ðèçîâàòü êàê øèðîêî ðàñïðîñòðàíåííîå è íå-
îäíîçíà÷íîå ÿâëåíèå öèòîëîãè÷åñêîãî, ãåíå-
òè÷åñêîãî, ôèçèîëîãè÷åñêîãî è èíôîðìàöèîí-
íîãî õàðàêòåðà, ñâîéñòâåííîå âåãåòàòèâíûì è 
ãåíåðàòèâíûì òêàíÿì êàê â íîðìå, òàê è 
ïðè ïàòîëîãèè. Íà ñåãîäíÿøíèé äåíü ñðå-
äè èññëåäîâàòåëåé òàê è íå ñóùåñòâóåò îäíî-
çíà÷íîãî ìíåíèÿ îòíîñèòåëüíî ïðèðîäû è 
çíà÷åíèÿ öèòîìèêñèñà. Øèðîêàÿ ðàñïðîñòðà-
íåííîñòü òî÷êè çðåíèÿ î ïàòîëîãè÷åñêîé ïðè-
ðîäå öèòîìèêñèñà îñíîâàíà íà åãî ñâîé-
ñòâåííîñòè ðàñòåíèÿì ñ âûðàæåííîé ãåíå-
òè÷åñêîé íåñòàáèëüíîñòüþ è íàðóøåííûì 
ãîìåîñòàçîì. Îäíàêî ëîêàëüíûé öèòîìèêñèñ, 
ïî-âèäèìîìó, ÿâëÿåòñÿ íîðìîé äëÿ ìíîãèõ
îðãàíèçìîâ. Äåñòðóêòèâíîå íà÷àëî öèòîìèê-
ñèñà óñèëèâàþò ñòðåññîâûå ôàêòîðû – ãèáðè-
äèçàöèÿ, èíöóõòèðîâàíèå, ôèçè÷åñêèå è õèìè-
÷åñêèå àãåíòû, èîíèçèðóþùåå îáëó÷åíèå è 
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Öèòîìèêñèñ, åãî ïðèðîäà, çíà÷åíèå è öèòîëîãè÷åñêèå ïîñëåäñòâèÿ
ãåðáèöèäû. Èíòåíñèâíûé öèòîìèêñèñ óñëîæ-
íÿåò êàðòèíó ìåéîçà è ìîæåò ïðèâîäèòü ê 
ñåðüåçíûì ãåíåòè÷åñêèì ïîñëåäñòâèÿì – àíåó-
ïëîèäèè, ïîëóñòåðèëüíîñòè ïûëüöû è íèçêîé 
ñåìåííîé ïðîäóêòèâíîñòè ðàñòåíèé. Âìåñòå 
ñ òåì çà ïîñëåäíèå ãîäû íàêàïëèâàåòñÿ âñå 
áîëüøå äàííûõ, ñâèäåòåëüñòâóþùèõ î òîì, 
÷òî öèòîìèêñèñ ÿâëÿåòñÿ åñòåñòâåííûì ïðî-
öåññîì ìåæêëåòî÷íîãî âçàèìîäåéñòâèÿ, â 
ãåíåòè÷åñêèé êîíòðîëü êîòîðîãî âîâëå÷åíû
ãåíû, îòâåòñòâåííûå çà ñåãðåãàöèþ è îðãà-
íèçàöèþ õðîìîñîì. Ñóòü öèòîìèêñèñà çàêëþ-
÷àåòñÿ â ïåðåìåùåíèè ïî öèòîìèêòè÷åñêèì 
êàíàëàì õðîìàòèíà, îðãàíåëë, òðîôè÷åñêèõ 
ôàêòîðîâ è ñèãíàëüíûõ ìîëåêóë, áëàãîäàðÿ 
÷åìó ðåãóëèðóåòñÿ ðîñò, ðàçâèòèå, äèôôåðåí-
öèðîâêà. Îñîáî çàìåòíóþ ðîëü öèòîìèêñèñ 
èãðàåò â ôîðìèðîâàíèè ðåïðîäóêòèâíîé ñôå-
ðû. Îáåñïå÷èâàÿ èíôîðìàöèîííûé êîíòàêò 
ìåæäó êëåòêàìè, öèòîìèêñèñ ñîïðîâîæäàåò 
èçáèðàòåëüíóþ äèôôåðåíöèàöèþ êëåòîê ïî-
ëîâûõ ïóòåé è ýëèìèíàöèþ èçáûòî÷íûõ è 
íåâîñòðåáîâàííûõ êëåòîê êàê ó ðàñòåíèé, òàê 
è æèâîòíûõ. Ìíîãèå èññëåäîâàòåëè ïîëàãà-
þò, ÷òî áëàãîäàðÿ öèòîìèêñèñó îñóùåñòâëÿ-
åòñÿ ïðîñòðàíñòâåííàÿ íåïðåðûâíîñòü è åäèí-
ñòâî ìèêðîñïîðîöèòîâ êàê åäèíîé öåíîöèò-
íîé ñèñòåìû ïûëüíèêà, äîñòèãàåòñÿ ñèíõðî-
íèçàöèÿ ìåéîçà, óñòðàíÿåòñÿ ãåòåðîãåííîñòü 
è ïðîèñõîäèò âûðàâíèâàíèå êà÷åñòâåííîãî 
ñîñòîÿíèÿ ïûëüöåâûõ çåðåí. Âìåñòå ñ òåì âïîë-
íå âåðîÿòíî, ÷òî öèòîìèêñèñ âíîñèò îïðå-
äåëåííûé âêëàä â ôîðìîîáðàçîâàòåëüíûé ïðî-
öåññ, âëèÿåò íà ãåíåòè÷åñêîå ðàçíîîáðàçèå,
óâåëè÷èâàåò óðîâåíü ãåòåðîçèãîòíîñòè è ìèêñî-
ïëîèäèè. Ñëåäóåò îòìåòèòü, ÷òî çàâèñèìîñòü 
ìåæäó öèòîìèêñèñîì è æèçíåñïîñîáíîñòüþ 
ïûëüöû íîñèò ÷àùå âñåãî ñëàáîïîçèòèâíûé 
õàðàêòåð, ÷òî ïðåäïîëàãàåò âëèÿíèå äðóãî-
ãî ôàêòîðà, êðîìå öèòîìèêñèñà, íà æèçíåñïî-
ñîáíîñòü ïûëüöû. Òàêèì ôàêòîðîì, íà íàø
âçãëÿä, ÿâëÿåòñÿ ãåíîìíàÿ íåñòàáèëüíîñòü, 
â óñëîâèÿõ êîòîðîé öèòîìèêñèñ ìîæåò ñëó-
æèòü èíñòðóìåíòîì êëåòî÷íîãî îòáîðà. Àêòè-
âèçàöèÿ êëåòî÷íîãî îòáîðà âîçìîæíî ñâÿçàíà 
ñ ïðåâûøåíèåì ïîðîãîâîãî óðîâíÿ ïîâðåæäå-
íèÿ ìèêðîñïîðîöèòîâ. Ôèçèîëîãè÷åñêîå çíà-
÷åíèå öèòîìèêñèñà, âåðîÿòíî, ñîïðÿæåíî ñ 
òðîôè÷åñêîé ïðîáëåìîé – ÷åðåç öèòîìèêñèñ 
ìîæåò ðåãóëèðîâàòüñÿ ÷èñëî ôóíêöèîíèðó-
þùèõ ìèêðîñïîðîöèòîâ çà ñ÷åò ãèáåëè äðó-
ãèõ. Âîçìîæíî, â îáùåì ñëó÷àå öèòîìèêñèñ 
ïðåäñòàâëÿåò ñîáîé ôîðìó ãîðèçîíòàëüíîãî 
ïåðåíîñà èíôîðìàöèè, â õîäå êîòîðîé îñó-
ùåñòâëÿåòñÿ ïðîñòðàíñòâåííàÿ ñâÿçü, ðåãóëè-
ðóåòñÿ óðîâåíü ãåòåðîçèãîòíîñòè è ìèêñîïëîè-
äèè â ïîïóëÿöèÿõ êëåòîê è îäíîâðåìåííî 
îñóùåñòâëÿåòñÿ îòáîð (ãèáåëü) ïîâðåæäåííûõ 
è èçáûòî÷íûõ êëåòîê.  
E. Kravets
CYTOMIXIS, ITS NATURE, SIGNIFICANCE 
AND THE CYTOLOGICAL CONSEQUENCES
Cytomixis is the widespread natural process of 
intercellular interaction which is characteristic for 
vegetative and generative tissues in both normal and 
pathological conditions. The origin significance and 
genetic control cytomixis still remain not completely 
clear. The popularity of view of the pathological na-
ture of cytomixis based on its peculiar plants with 
genetic instability and impaired homeostasis. In the 
genetic control of cytomixis seem to be involved 
meiotic genes which are responsible for segregation 
and organization of chromosomes. Their activity is 
modified by environmental factors through signal 
transduction. It is assumed via cytomixis, from one 
side, the informational contact can be reached and 
meiosis and gametogenesis are synchronized, with 
another, increase of the genetic variety and level of 
the heterozygosis of microsporocytes. The activity 
of cytomixis varies over wide limits. The greatest 
influence on its activity have mutagenesis hybridization 
and polyploidy. In this context cytomixis can fulfill 
the function of cell selection which is activated by 
exceeding of the threshold level of the microsporocyte 
damages (or genetical disbalance).
Î.À. Êðàâåöü
ÖÈÒÎÌ²ÊÑÈÑ, ÉÎÃÎ ÏÐÈÐÎÄÀ, 
ÇÍÀ×ÅÍÍß ² ÖÈÒÎËÎÃ²×Í² ÍÀÑË²ÄÊÈ
Öèòîì³êñèñ º ïîøèðåíèì ïðèðîäíèì ïðîöå-
ñîì ì³æêë³òèííî¿ âçàºìîä³¿, ÿêèé âëàñòèâèé âå-
ãåòàòèâíèì ³ ãåíåðàòèâíèì òêàíèíàì ÿê â íîðì³, 
òàê ³ ïðè ïàòîëîã³¿. Ïîõîäæåííÿ, çíà÷åííÿ òà ãå-
íåòè÷íèé êîíòðîëü öèòîì³êñèñó íà öåé ÷àñ çà-
ëèøàþòüñÿ íå çîâñ³ì ç’ÿñîâàíèìè. Ïîøèðåí³ñòü
òî÷êè çîðó ïðî ïàòîëîã³÷íó ïðèðîäó öèòîì³êñèñó 
çàñíîâàíà íà éîãî ïðèòàìàííîñò³ ðîñëèíàì ç âè-
ðàæåíîþ ãåíåòè÷íî¿ íåñòàá³ëüí³ñòþ ³ ïîðóøåíèì
ãîìåîñòàçîì. Ó ãåíåòè÷íèé êîíòðîëü öèòîì³êñèñó, 
ìîæëèâî, çàëó÷åí³ ìåéîòè÷í³ ãåíè, â³äïîâ³äàëüí³
çà ñåãðåãàö³þ ³ îðãàí³çàö³þ õðîìîñîì, ä³ÿ ÿêèõ
ìîäèô³êóºòüñÿ ³íâàéðîìåíòàëüíèìè ôàêòîðàìè ÷å-
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ðåç ñèñòåìó òðàíñäóêö³¿ ñèãíàë³â. Ââàæàþòü, ùî 
çàâäÿêè öèòîì³êñèñó, ç îäíîãî áîêó, äîñÿãàºòüñÿ
³íôîðìàö³éíèé êîíòàêò ³ ñèíõðîí³çàö³ÿ ìåéîçó
³ ãàìåòîãåíåçó, ç ³íøîãî – çá³ëüøóþòüñÿ ãåíåòè÷íà
ð³çíîìàí³òí³ñòü ³ ð³âåíü ãåòåðîçèãîòíîñò³ ì³êðî-
ñïîðîöèò³â. Àêòèâí³ñòü öèòîì³êñèñó âàð³þº â øè-
ðîêèõ ìåæàõ. Íàéá³ëüøèé âïëèâ íà íå¿ ÷èíÿòü 
ìóòàãåíåç, ã³áðèäèçàö³ÿ, ³íöóõòóâàííÿ òà ïîë³-
ïëî¿ä³ÿ. Ó öüîìó êîíòåêñò³ öèòîì³êñèñ ìîæå âè-
êîíóâàòè ³ ôóíêö³þ êë³òèííîãî äîáîðó, ÿêèé àêòè-
â³çóºòüñÿ ïðè ïåðåâèùåíí³ ïîðîãîâîãî ð³âíÿ óø-
êîäæåííÿ (àáî ãåíåòè÷íîãî äèñáàëàíñó) ì³êðîñïî-
ðîöèò³â.
ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ
1. Körnicke M. Über Ortsveränderung von Zellkärnern. 
Niederrhein S.B. // Ges.Natur. U. Heilk. Bonn. – 
1901. – 8. – P. 14–25.
2. Miehe H. Ueber Wanderungen des pflanzlichen-
zellkernes // Flora. – 1901. – 88. – P. 105–142.
3. Digby L. Observation on «chromatin bodies» and 
their relation to the nucleolus in Galtonia candi-
cans Decsne // Ann. Bot. – 1909. – 23. – P. 491–
502.
4. Gates R.R. Pollen formation in Oenotera gigas // 
Ann. Bot. – 1911. – 25. – P. 909–940.
5. Fraser A.C.I. The behavior of the chromatin in the 
meiotic division of Vicia faba // Ann. Bot. – 1914. – 
28. – P. 633–642.
6. Woodworth R.H. Cytomixis // J. Arnold Arbore-
tum. – 1931. – 12. – P. 23–25. 
7. Morisset P. Cytomixis in the pollen mother cells of 
Ononis (Leguminosae) // Can. J. Genet. Cytol. – 
1978. – 20. – P. 383–388.
8. Sinoto Y. On the extrusion of the nuclear sub-
stance in Iris japanica Thumb. // Tokyo Bot. 
Mag. – 1922. – 36. – P. 99–110.
9. Takats S.T. Chromatin extrusion and DNA trans-
fer during microsporogenesis // Chromosoma. – 
1959. – 10. – P. 430–453.
10. Tarkowska J. Experimental analysis of the mecha-
nism of cytomixis. 1. Cytomixis in vegetative tissues // 
Acta Soc. Bot. Pol. – 1965. – 34. – P. 27–
44.
11. Tarkowska J. Experimental analysis of the mech-
anism of cytomixis. 2. Cytomixis in the pollen 
mother cells of the lily – Lilium candidum L. // 
Acta Soc. Bot. Pol. – 1966. – 35. – P. 25–40.
12. Narain P. Chromosome mosaicism in microspo-
rocytes of Gloriosa // Cytologia. – 1980. – 45. –
P. 271–279.
13. Basavaiah D., Morthy T.C.S. Cytomixis in pollen 
mother cells of Urochloa panicoides P. Beauv. (Po-
aceae) // Cytologia. – 1987. – 52. – P. 69–74.
14. Soman T.A., Bhavanandan K.V. Temperature sensi-
tive cytomixis in Helicanthes elastic (Desr) Dans (Lo-
ranthaceae) // Cytologia. – 1993. – 58. – P. 21–26.
15. Novwa N. Some cytological observations in Trieys-
tis, Sagittaria and Lilium // Tokyo Bot. Mag. – 
1928. – 42. – P. 33–36.
16. Levan A. Syncyte fomation in the pollen mother 
cells of haploid Phleum pratense // Hereditas. – 
1941. – 27. – P. 243–252.
17. Stern H. The formation of polynucleated pollen 
mother cells // J. Hered. – 1946. – 37. – P. 47–50.
18. Gates R.R., Rees E.M. A cytological study of pollen 
development in Lactuca // Ann. Bot. – 1921. – 35. – 
P. 365–398.
19. Coopor D.C. The transfer of deoxyribonucleicacid 
from the tapetum to the microsporocytes at the on-
set of meiosis // Amer. Nat. – 1952. – 86. – P. 219–
229.
20. Cheng K.C., Wang Y.C. The general occurrence and 
regularity of the intercellular migrating chromatin 25 
substance in the pollen mother cells of certain an-
giosperms // Acta Bot. Sin. – 1956. – 5. – P. 363–
376.
21. Servella P. Cytomixis and the loss of chromosomes
in meiotic and somatic cells of Gossypium // Cyto-
logia. – 1958. – 23. – P. 14–24.
22. Bahl J.R., Tyagi B.R. Cytomixis in pollen mother 
cells of Papaver dubium L. // Cytologia. – 1988. – 
53. – P. 771–775.
23. Dagne K. Meiosis in interspecific in Guizotia Cass. 
(Composite) // Hereditas. – 1994. – 121. – P. 119–
129.
24. Heslop-Harrison J. Cytoplasmic connections be-
tween angiosperms meiocytes // Ann. Bot. – 1966. – 
30. – P. 221–230.
25. Heslop-Harrison J. Cytoplasmic continuity during 
spore formation in flowering plants // Endeavour. – 
1966. – 25. – P. 65–72.
26. Zheng G.C., Yang Q.R., Zheng Y.R. The relation-
ship between cytomixis and chromosome mutation 
and karyotype evolution in lily // Caryologia. – 
1987. – 40. – P. 243–259.
27. Bellucci M., Roscini C., Mariani A. Cytomixis in 
the Pollen Mother Cells of Medicago sativa L. // J. 
Heredity. – 2003. – 94, ¹ 6. – P. 512–516.
28. Guanq-Qin Guo, Guo-Chang Zheng. Hyposesis for 
functions of intercellular bridges in male germ cell 
development and its cellular mechanisms // J. The-
or. Biol. – 2004. – 229. – P. 139–146.
29. Âàí Ñ.Þ., Þé ×.Õ., Ëè Ñ., Âàí ×.È., ×æåí Ã.×. 
Óëüòðàñòðóêòóðà è âîçìîæíîå ïðîèñõîæäåíèå 
öèòîïëàçìàòè÷åñêèõ êàíàëîâ, îáåñïå÷èâàþùèõ 
ñâÿçü ìåæäó êëåòêàìè âåãåòàòèâíûõ òêàíåé 
ïûëüíèêîâ // Ôèçèîëîãèÿ ðàñòåíèé. – 2004. – 
51, ¹ 1. – Ñ. 110–120.
30. Êóíàõ Â.À. Á³îòåõíîëîã³ÿ ë³êàðñüêèõ ðîñëèí. Ãå-
83ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2012. ¹ 3
Öèòîìèêñèñ, åãî ïðèðîäà, çíà÷åíèå è öèòîëîãè÷åñêèå ïîñëåäñòâèÿ
íåòè÷í³ òà ô³ç³îëîãî-á³îõ³ì³÷í³ îñíîâè. – Êè¿â : 
Ëîãîñ, 2005. – 723 ñ.
31. Êóíàõ Â.À. Îíòîãåíåòè÷åñêàÿ ïëàñòè÷íîñòü ãå-
íîìà êàê îñíîâà àäàïòèâíîñòè ðàñòåíèé. Æåá-
ðàêîâñêèå ÷òåíèÿ. – Ìèíñê : Ïðàâî è ýêîíî-
ìèêà, 2011. – 56 ñ.
32. Liu H., Guo G.-Q., He Y.-K., Lu Y.-P., Zheng G.-C. 
Visualization on intercellular movement of chro-
matin in intact living anthers of transgenic tobac-
co expressing histone 2B-CFP fusion protein // 
Caryologia. – 2007. – 60, ¹ 1/2. – P. 1–20.
33. Kamra O.P. Chromatin extrusion and cytomixis in 
pollen mother cells of Hordeum // Hereditas. – 
1960. – 46. – P. 592–600.
34. Øêóòèíà Ô.Ì., Õâîñòîâà Â.Â. Öèòîëîãè÷åñêèé 
àíàëèç ïøåíè÷íî-ðæàíûõ àìôèäèïëîèäîâ // 
Ýêñïåðèìåíòàëüíàÿ ïîëèïëîèäèÿ â ñåëåêöèè 
ðàñòåíèé. – Íîâîñèáèðñê : Íàóêà, 1966. – 
Ñ. 261–266.
35. Ðîìàíîâ È.Ä., Îðëîâà È.Í. Öèòîìèêñèñ è åãî 
ïîñëåäñòâèÿ â ìèêðîñïîðîöèòàõ Triticale // Ãå-
íåòèêà. – 1971. – 7, ¹ 12. – Ñ. 5–13.
36. Ïîääóáíàÿ-Àðíîëüäè Â.À. Öèòîýìáðèîëîãèÿ ïî-
êðûòîñåìåííûõ ðàñòåíèé. – Ì.: Íàóêà, 1976. – 
507 c.
37. Êðàâ÷åíêî Ë.Í. Îñîáåííîñòè ìåéîçà ó ïøåíèöû 
è åå ãèáðèäîâ. – Êèøèíåâ : Øòèèíöà, 1977. – 
159 ñ.
38. Mantu D.E., Sharma A.K. Cytomixis in pollen cells 
of an apomictic ornamental Ervatamia divaricata 
(L.) Alston. // Cytologia. – 1982. – 48. – P. 201–
207.
39. Singhal V.K., Gill B. Cytomixis in some woody 
species // Biologica. – 1985. – ¹ 1. – P. 168–175. 
40. Øíàéäåð Ò.Ì. Îñîáåííîñòè ìåéîçà ó îòäàëåí-
íûõ ãèáðèäîâ ïøåíèöû, ïîëó÷åííûõ ñ ó÷àñòèåì 
ìóòàíòà ph // Öèòîëîãèÿ è ãåíåòèêà. – 1988. – 
22, ¹ 3. – Ñ. 18–22.
41. Bedi Y.S. Cytomixis in woody species // Proc. Indi-
an Acad. Sci. (Plant Sci.). – 1990. – 100. – P. 233–
238.
42. Îðëîâà È.Í. Öèòîìèêñèñ // Ýìáðèîëîãèÿ öâåò-
êîâûõ ðàñòåíèé. Ò.1. – ÑÏá, 1994. – Ñ. 115–117. 
43. Ñòåëüìàõ Î.À, Êðàâåö Å.À., Åìåö À.È., Áëþì ß.Á. 
Îñîáåííîñòè ðåïðîäóêòèâíîãî ðàçâèòèÿ ìóòàí-
òîâ Nicotiana sylvestris, óñòîé÷èâûõ ê èçîïðîïèë-
N-ôåíèëêàðáàìàòó // Öèòîëîãèÿ è ãåíåòèêà. – 
2005. – 39, ¹ 6. – C. 15–23. 
44. Lattoo S.K., Khan S., Bamotra S., Dhar A.K. Cyto-
mixis impairs meiosis and influences reproductive 
success in Chlorophytum comosum (Thunb.) Jacq. – 
an additional strategy and possible implications // J. 
Biosci. – 2006. – 31. ¹ 5. – P. 629–637.
45. Ñèäîð÷óê Þ.Â., Äåéíåêî Å.Â., Øóìíûé Â.Ê. Îñî-
áåííîñòè öèòîìèêñèñà â ìàòåðèíñêèõ êëåòêàõ 
ïûëüöû ó òðàíñãåííûõ ðàñòåíèé òàáàêà (Nico-
tiana tabacum L.) ñ ìóòàíòíûì ôåíîòèïîì // 
Öèòîëîãèÿ. – 2007. – 49, ¹ 10. – Ñ. 870–875.
46. Kumar P., Singhal V.K. Cytology of Caltha palustris 
L. (Ranunculaceae) from cold regions of Western 
Himalayas // Cytologia. – 2008. – 73. – P. 137–
143. 
47. Singhal V.K., Kumar P. Impact of cytomixis on 
meiosis, pollen viability and pollen size in wild 
populations of himalayan poppy (Meconopsis acu-
leate Royle) // J. Biosci. – 2008. – 33. – P. 371–
380.
48. Singhal V.K., Kaur S., Kumar P. Aberrant male 
meiosis, pollen sterility and variable sized pollen 
grains in Clematis montana Buch.-Ham. ex DC. 
from Dalhousie hills, Himachal Pradesh. // 
Cytologia. – 2010. – 75. – P. 31–36.
49. Salesses G. Sur le phenjmen de cytomixie chez des 
hybrids triploids de prunier. Consequences genet-
iques possibles // Ann. Amelior. Plant. – 1970. – 
20. – P. 383–388. 
50. Souza A.M. de, Pagliarini M.S. Cytomixis in Brassi-
ca napus var. oleifera (Brassicaeae) // Cytologia. – 
1997. – 62. – P. 25–29.
51. Øêóòèíà Ô.Ì., Êîçëîâñêàÿ Â.Ô. Öèòîìèêñèñ â 
ìåéîçå ó íåêîòîðûõ ãèáðèäíûõ ôîðì çëàêîâ 
ïîäòðèáû Triticinae // Ãåíåòèêà. – 1974. – 10, 
¹ 5. – Ñ. 5–12.
52. Nirmala C., Kaul M.l.H. Male sterility in pea. 6. Ge-
ne action duplicity // Cytologia. – 1994. – 59. – 
P. 195–201.
53. Bobak M., Herich R. Cytomixis as a manifestation 
of pathological changes after the application of tri-
fluraline // Nucleus. – 1978. – 21. – P. 22–26.
54. Dwivedi N.K., Sikdar A.K., Jolly M.S., Susheelam-
ma B.N., Suryanarayana N. Induction of tetraploidy 
in colchicine-induced mutant of mulberry. 1. Mor-
phlogical and cytological studies in cultivar Kan-
va-2 // Indian J. Genet. –1988. – 48. – P. 305–
311.
55. Îñòàïåíêî Å.Ê., Âèëåíñêèé Å.Ð., Íàóìåíêî Â.Ä., 
Áóáðÿê È.È., Ãðîäçèíñêèé Ä.Ì. Ãåíåòè÷åñêèå 
íàðóøåíèÿ â ïûëüöåâûõ êëåòêàõ ÿ÷ìåíÿ waxy 
â óñëîâèÿõ ðàäèîàêòèâíîãî çàãðÿçíåíèÿ ïîñëå 
×åðíîáûëüñêîé àâàðèè // Îíòîãåíåç. – 1993. – 
24, ¹ 5. – Ñ. 11–19.
56. Ãðîäçèíñêèé Ä.Ì., Êðàâåö Å.À., Õâåäûíè÷ Î.À., 
Êîëîìèåö Î.Ä., Áàííèêîâà Â.Ï. Ôîðìèðîâàíèå 
ðåïðîäóêòèâíîé ñèñòåìû ðàñòåíèé, ïîäâåðã-
øèõñÿ âîçäåéñòâèþ õðîíè÷åñêîãî îáëó÷åíèÿ // 
Öèòîëîãèÿ è ãåíåòèêà. – 1996. – 30, ¹ 3. – Ñ. 36–
45.
57. Grodzinsky D.M., Kravetz E.A., Kolomietz O.D. 
Haplontic cell selection as reactive and adaptive 
action of  plants at conditions of chronic irradia-
84 ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2012. ¹ 3
Å.À. Êðàâåö
tion // Environtment protection : Proc. Int. sem. – 
Uzhorod, 1997. – 2. – P. 7–10.
58. Grodzinsky D.M., Kravetz E.A., Khvedinich O.A.,
Kolomietz O.D. Effect of chronic irradiation on 
reproductive system of winter wheat // Current 
problems of radiation research : Proc. 35-th an-
nual Meeting of the Europ. Rad. Res. Soc. – Kyiv, 
2007. – P. 26–41.
59. Êðàâåö Å.À., Ãðîäçèíñêèé Ä.Ì. Ðîëü êëåòî÷íîé 
êîíêóðåíöèè â ìåõàíèçìàõ âîññòàíîâëåíèÿ ïðè 
âîçäåéñòâèè èîíèçèðóþùåãî è ÓÔ-Á èçëó÷åíèÿ // 
Òð. Òèìèðÿçåâñêîé ñ.-õ. àêàäåìèè. – 2008. – ¹ 
2. – Ñ. 30–35.
60. Êpàâåö Å.À., Ãpîäçèíñêèé Ä.Ì., Êîëîìèåö Î.Ä. 
Öèòîýìáðèîëîãè÷åñêèå àñïåêòû îòäàëåííûõ 
ïîñëåäñòâèé õðîíè÷åñêîãî îáëó÷åíèÿ ó ðæè // 
Ôàêòîðè åêñïåðèìåíòàëüíî¿ åâîëþö³¿ îðãàí³ç-
ì³â. Ò. 2. – Êè¿â : Àãðàð. íàóêà, 2006. – Ñ. 132.
61. Êðàâåö Å.À. Ðîëü ãàïëîíòíîãî îòáîðà â ìåõà-
íèçìàõ ñòàáèëèçàöèè äè- è òåòðàïëîèäíûõ ãåíî-
òèïîâ ðæè ïîä âîçäåéñòâèåì ãàììà-îáëó÷åíèÿ // 
Ôàêòîðè åêñïåðèìåíòàëüíî¿ åâîëþö³¿ îðãàí³ç-
ì³â. Ò. 1. – Êè¿â : Ëîãîñ, 2007. – Ñ. 95–98.
62. Êðàâåö Å.À. Êëåòî÷íûå è òêàíåâûå ìåõàíèçìû 
âîññòàíîâèòåëüíûõ ïðîöåññîâ â âåãåòàòèâíûõ 
è ãåíåðàòèâíûõ ìåðèñòåìàõ ïðè âîçäåéñòâèè 
îáëó÷åíèÿ // Öèòîëîãèÿ è ãåíåòèêà. – 2009. – 
43, ¹ 1. – C. 11–22.
63. Falistocco E., Lorenzetti S., Falcinelli M. Microspo-
rogenesis in desynaptic mutant of Dactylis // Cyto-
logia. – 1994. – 59. – P. 309–316.
64. Falistocco E., Tosti N., Falcinelli M. Cytomixis in 
pollen mother cells of Diploid Dactylis, one of the 
origins of 2n gametes // J. Heredity. – 1995. – 86. – 
P. 448–453.
65. Guochang Z., Qinglan Y., Yongren Z. The relation-
ship between cytomixis, chromosome mutation and 
karyotype evolution in Lily // Caryologia. – 1987. – 
40. – P. 243–259.
66. Yen C., Yang J.-L., Sun G.-L. Intermeiocyte con-
nections and cytomixis in intergeneric hybrids of 
Roegneria ciliaris (Trin.) Nevski with Psathyro-
stachys huashanica Keng. // Cytologia. – 1993. – 
58. – P. 187–193.
67. Bhatt A.M., Lister C., Page T., Fransz P., Findlay K., 
Jones G.H., Dickinson H.G., Dean C. The DIF1 
gene of Arabidopsis is required for meiotic chromo-
some segregation and belongs to the REC8/RAD21 
cohesin gene family // Plant J. – 1999. – 19. – 
P. 463–472.
68. Sapre A.B., Deshpande D.S. A change in chromo-
some number due to cytomixis in an interspecific 
hybrid of Coix. L. // Cytologia. – 1987. – 52. – 
P. 167–174.
69. Himshikha P., Kumar R., Gupta C., Kumari S., Sin-
ghal V.K. Impact of chromatin transfer and spindle 
abnormalities on pollen fertility and pollen size 
in Plantago lanceolata L. // Cytologia. – 2010. – 
75. – P. 421–426. 
70. Malallah G.A. Cytomixis and its possible evolutiona-
ry role in a Kuwaiti population of Diplotaxis harra 
(Brassicaceae) // Comp. Cytogen. – 2011. – 5, 
¹ 3. – P. 143–161.
71. Gaulden M.E. Hypothesis: some mutagens directly 
alter specific chromosomal proteins (DNA topo-
isomerase II and peripheral proteins) to produce 
chromosome stickiness, which causes chromosome 
aberrations // Mutagenesis. – 1987. – 2. – P. 357–
365. 
72. Weiling F. Light and electron microscopical ob-
servation on cytomixis and its possible relation 
topotocytosis // Planta. – 1965. – 67. – P. 182–
212.
73. Tarkowska J. The nature of cytomixis // Caryolo-
gia. – 1973. – 25, Suppl. – P. 151–157.
74. Êëþ÷àðåâà Ì.Â. Ýêñòðóçèÿ ÿäåðíîãî ìàòåðèàëà 
â ïðåäçàðîäûøàõ çëàêîâûõ ðàñòåíèé // Äîêë. 
ÀÍ ÑÑÑÐ. – 1983. – 269, ¹ 2. – Ñ. 509–512. 
75. Êîñòðèöûíà Ò.Â., Ñîëäàòîâ È.Â. Öèòîìèêñèñ â 
àïèêàëüíîé ìåðèñòåìå ïîáåãîâ ãèáðèäîâ Pru-
nus domestica L. × Persica vulgaris Mill. // Ãåíå-
òèêà. – 1991. – 27, ¹ 10. – Ñ. 1790–1794.
76. Bione N.C.P., Pagliarini M.S., de Toleredo J.F.F. 
Meiotic behavior of several Brazilian soybean varie-
ties // Genet. Mol. Biol. – 2000. – 23. – P. 623–
631. 
77. Kaur D., Singhal V.K., Gupta R.C. Male meiosis, 
microsporogenesis and pollen grain study in Inula 
cuspidata C.B. Clarke (Asteraceae) // Cytologia. – 
2010. – 75. – P. 363–368.
78. Wu S.X. On the problem of the phenomenonof in-
tercellular nuclear migration in plants // Acta. Bot. 
Sin. – 1955. – 4. – P. 233–243.
79. Lou C.H. Protoplasmic continuity in plants // 
Actà. Bot. Sin. – 1955. – 4. – P. 183–222.
80. Zhang W.C., Yan W.M., Lou C.H. Intercellular mo-
vement of protoplasm in vivo in developing endo-
sperm of wheat caryopsis // Protoplasma. – 1990. – 
153. – P. 193–203.
81. Sen O., Bhattacharya S. Cytomixis in Vigna glaber-
scens TTK (Wild) // Cytologia. – 1988. – 53. – 
P. 437–440.
82. Soodan A.S., Waffai B.A. Spontaneous occurrence 
of cytomixis during microsporogenesis in almond 
(Prunus amygdalus Batsch) and peach (P. persica 
Batsch) // Cytologia. – 1987. – 52. – P. 361–364.
83. Feijo J.A., Pais M.S. Cytomixis in meiosis during the 
microsporogenesis of Ophrys lutea: an ultrastruc-
tural study // Caryologia. – 1989. – 42. – P. 37–
48.
85ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2012. ¹ 3
Öèòîìèêñèñ, åãî ïðèðîäà, çíà÷åíèå è öèòîëîãè÷åñêèå ïîñëåäñòâèÿ
84. Caetano-Pereira C.M., Pagliarini M.S. Cytomixis 
inmaize microsporocytes // Cytologia. – 1997. – 
62. – P. 351–355.
85. Risueno M.C., Gimenez-Martin G., Lopez-Saez J.F., 
R-Garsia M.I. Connexions between meiocytes in 
plants // Cytologia. – 1969. – 34. – P. 262–272.
86. Welan E.D.P. Discontinuities in the callose wall, 
intermeiocyte connections and cytomixis in angio-
sperm meiocytes // Can. J. Bot. – 1974. – 52. – 
P. 1219–1224.
87. Ìóðñàëèìîâ Ñ.Ð., Áàéáîðîäèí Ñ.È., Ñèäîð÷óê Þ.Â., 
Øóìíûé Â.Ê., Äåéíåêî Å.Â. Îñîáåííîñòè ôîð-
ìèðîâàíèÿ öèòîìèêòè÷åñêèõ êàíàëîâ â ìàòå-
ðèíñêèõ êëåòêàõ ïûëüöû Nicotiana tabacum L. // 
Öèòîëîãèÿ è ãåíåòèêà. – 2010. – 44, ¹ 1. – Ñ. 19–
24.
88. Ventela S., Toppari J., Parvinen M. Intercellular or-
ganelle traffic through cytoplasmic bridges in early 
spermatids of the rat: mechanisms of haploid gene 
product sharing // Mol. Biol. Ñell. – 2003. – 14. – 
P. 2768–2780.
89. Ding B., Haudenshield J.S., Willmitzer L., Lucas W.J. 
Correlation between arrested secondary plasmodes-
mal development and onset of accelerated leaf se-
nescence in yeast acid invertase transgenic tomato 
plants // Plant J. – 1993. – 4, ¹ 1. – P. 179–189. 
90. Waigmann E., Zambryski P. Tobacco mosaic virus 
movement protein-mediated protein transport be-
tween trichome cells // Plant Cell. – 1995. – 7. – 
P. 2069–2079.
91. Herrero M. Male and female synchrony and regula-
tion of mating in flowering plants // Philos. Trans. 
R. Soc. London B. – 2003. – 358. – P. 1019–
1024.
92. Kwiatkowska M. Plasmodesmal changes are related 
to different developmental stages of anteridia of 
Chara species // Protoplasma. – 2003. – 222. – 
P. 1–11.
93. Øàìèíà Í.Â., Äîðîãîâà Ð.Â., Çàãîðñêàÿ À.À., Äåé-
íåêî Å.Â., Øóìíûé Â.Ê. Íàðóøåíèÿ ìóæñêîãî 
ìåéîçà â òðàíñãåííîé ëèíèè òàáàêà // Öèòî-
ëîãèÿ. – 2000. – 42, ¹ 12. – Ñ. 1173–1178. 
94. Peng Zh.-S., Yang J., Zheng G.-Ch. Cytomixis in 
pollen mother cells of new synthetic hexaploid am-
phidiploids (Aegilop stauschii × Triticum turgidum) // 
Cytologia. – 2003. – 68. – P. 335–340.
95. Ìèëÿåâà Ý.Ë. Ê âîïðîñó î öèòîìèêñèñå â ïðî-
öåññå ìèêðîñïîðîãåíåçà // Áþëë. Ãë. áîò. ñàäà 
ÀÍ ÑÑÑÐ. – 1965. – 59. – Ñ. 53–57.
96. Rezaglia K.S., Garbary D.J. Motile male gametes of 
land plants: diversity, development and evolution // 
Crit. Rev. Plant. Sci. – 2001. – 20. – P. 107–213.
97. Ñarlson J.G., Handel M.A. Intracellular bridges 
and factors determining their patterns in the grass-
hopper testis // J. Morphol. – 1988. – 196. – 
P. 173–185.
98. Hecht N.B. Intercellular and intracellular transport 
of many germ cell mRNAs madiated by the DNA-
binding protein, testis-brain-RNA-binding protein 
(TB-RBP) // Mol. Reprod. Dev. – 2000. – 56. – 
P. 252–253.
99. Cuevas M. de, Lilly M.A., Spradling A.C. Germline 
cyst formation in Drosohpilla // Annu. Rev. Genet. – 
1997. – 31. – P. 405–428.
100. Dumas C., Knox R.B., Gaude T. The spatial as-
sociation of the sperm cells and vegetative nucleus 
in the pollen grain of Brassica // Protoplasma. – 
1985. – 124. – P. 168–174. 
101. Russel S.D. Isolation and characterization of sperm 
cells in flowering plants // Ann. Rev. Plant Physi-
ol. Plant Mol.Biol. – 1991. – 42. – P. 189–204.
102. Mogensen H.L. The male germ unit: concept, com-
position, and significance // Int. Rev. Cytol. – 
1992. – 140. – P. 129–147. 
103. Owen H.A., Makaroff C.A. Ultrastucture of mi-
crosporogenesis and microgametogenesis in Arabi-
dopsis thaliana (L.) Heynh. Ecotype Wassilewskija 
(Brassicaceaea) // Protoplasma. – 1995. – 185. – 
P. 7–21.
104. Sapre A.B., Deshpande D.S. A change in chromosome 
number due to cytomixis in an interspecific hybrids 
of Coix L. // Cytology. – 1987. – 52. – P. 167–
174.
105. Kravets E. The role of cell selection for pollen grain 
fertility after treatment of barley sprouts (Hordeum 
distichum L.) with UV-B irradiation // Acta Biol. 
Slov. – 2011. – 54. – P. 31–41.
106. Adachi-Yamada T.A., O’Connor M.B. Mecha-
nisms for removal of developmentally abnormal 
cells: cell competition and morphogenetic apop-
tosis // J. Biochem. – 2004. – 136, ¹ 1. – P. 
13–17.
Ïîñòóïèëà 28.12.11 
